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Description 
TECHNICAL FIELD 

5 The present invention relates to genes encoding proteins having an activity of desaturating lipid-bound fatty acids 
at the A 9 position (hereinafter referred to as "A 9 desaturases^. vectors containing said genes, plants transformed with 
sakJ genes and process for creating said plants. 

BACKGROUND ART 

10 

The condition of membrane lipids which compose the biomen4)ranes of organisms changes from liquid crystal to 
solid in accordance with the decrease in external temperatures. This change is called "phase separation". The phase 
separation involves the change in properties of biomembranes. It is believed that membrane lipids lose the selectivity 
of mass permeability in solid conditions, making it impossible for biomembranes to carry out their essential functions 

IS and that, as a result, celts receive an injury (low temperature injury). 

The phase transition temperatures of membrane lipids, at which the condition of the membrane lipids changes from 
liquid aystal to solid, are chiefly dependent on the degree of unsaturation (the number of double bonds in carbon 
chains) of fatty acid acyl groups bound to lipids. A lipid molecular species in which two bound fatty acid acyl groups are 
both saturated fatty acid residues has a higher phase transition temperature than room temperature, whereas a lipid 

20 nrK)lecular species having at least one double t)ond in bound fatty acid acyl groups has a phase transition temperature 
below about 0*0 (Santaren, J.F. et al., Biochim. Biophys. Acta, 687:231 , 1982). 

In general, the position of a double bond in a fatty acid is indicated after the symbol "A " by the nun^er of carbons 
from the cartsoxyt terminusto the cartwn having the double bond. TTie total number of double bonds is indicated after 
a colon following the total number of carbons For example, linoleic acid is designated as 18:2 A 9.12, which is repre- 

25 sented by the following structual fornrrula: 

CH3(CH2)4CH-CHCH2CH=CH(OH2)7COOH 

In some cases, the position of a double bond is indicated after the symtx)! " a> " by the number of carbons from the 

30 methyl terminus of a fatly add to the carbon having the double bond. 

Among the membrane lipids of higher plants, only phosphatidylglycerol (PQ) contains a relatively large number of 
saturated molecular species and it has been strongly suggested that tiie phase transition of PG is responsible for low 
temperature injury in plants (Murata. N. etal., Plant Cell Physiol., 23:1071. 1982; Roughan. P.G.. Plant Physiol., 77:740. 
1 985) and that the molecular species composition of PG is determined by the substrate specificity of glycerol-3-phos- 

35 phate acyl transferase (hereinafter referred to as "ATaseT present in chloroplasts (Frentzen. M. et al.. Eur. J. Biochem., 
129:629, 1983; Murata, N., Plant Cell Physiol., 24:81. 1983; Frentzen, M. etal.. Plant Cell Physiol., 28:1195, 1988). 

Nishizawa et al. showed that if an ATase gene obtained from Arabidopsis thaliana Heynhold. a plant resistant to 
chilling, was introduced and expressed in tobacco, the content of saturated molecular species of PG decreased, 
thereby inrparting a higher chilling resistance to the tobacco than when it was of a wild type (PCT/JP92/00024. 1992). 

40 However, the ATase exists originally in plants and even if a large anrwunt of an exogenous ATase is expressed in plants, 
it will compete inevrtaWy with the endogenous ATase and its effect is therefore likely to be diluted. For example, the con- 
tent of saturated molecular species of PG was about 28% in the leaf of a done which expressed tiie largest anwunt of 
ATase from Arabidopsis thaliana Heynhold out of the created tobacco transfbrmants. which content was lower by about 
8% than in the wild-type tobacco and higher by about 8% than in the wild-type Arabidopsis thaliana Heynhold 

45 (PCT/JP92A30024, 1992). 

In general, the majority of acyl-ACP produced in plasttds consists of 16:0-AOP and 18:1-A0P. and their proportions 
are believed to be equal. In some tissues, the proportions of 16:0-ACP and 18:0-ACP may be higher than that of 18:1- 
ACP (Toriyama. S. et al.. Plant Cell Physiol.. 29:615, 1988). In these tissues, it may be difficult to reduce satisfactorily 
the content of saturated molecular species by using an exogenous ATase. 

50 The composition of menribrane lipids in photosynthetic cyanobacteria (blue-green algae) is similar to that of lipids 
in membrane systems conposing higher plant's chloroplasts (Murata. N. et al.. in The Biochemistry of Plants", Aca- 
demic Press, 1987). In blue-green algae, the degree of unsaturation of fatty adds bound to membrane lipids is control- 
led by enzymes capable of desaturating lipid-bound fatty adds. It is known that Anacystis nidulans (SynechpcpccMS 
PCC 7942) which can introduce only one double bond Into lipid-bound fatty acids is sensitive to chilling (Ono, T. et al., 

55 Plant Physiol., 67:176. 1981), whereas Synechocvstis PCC6803 which can introduce at least two double bonds is 
resistant to chilling (Wada, H. etal., Plant Cell Physiol.. 30:971, 1989). 

All the desaturases of fatty acids in Wue-green algae react with lipids as substrates to introduce a double bond into 
lipid-bound fatty adds. Therefore, a cis-type double bond can be introduced into fatty acids such as PG. SQDG, MGDG 
and DGDG in membrane lipids of blue-green algae, which are composed of 16:0/16:0- and 18:0/16:0-saturated molec- 
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ular species (Murata, N. et al.. in "TTie Biochemistry of Plants". Academic Press. 1987). In this respect, blue-green 
algae are very much different from higher plants that have fatty acid desaturases capat)le of introducing a double bond 
into slearoyl-ACP (18:0-ACP) at the A 9 position and which never introduce a cis-type double bond into PG or SQDG 
after Ihe synthesis of these lipids, which are composed of 16: 0/16:0-(and a little amount of 18:0/16:0-) as saturated 
5 molecular species. 

At present it is known that the introduction and expression of the A 1 2 desaturase gene of Synechocvstis PCC6803 
in Anacystis nidulans enables the production of 16:2 A 9,12 which is not inherently present in the Anacvstis nrdulans. 
thereby imparting a chilling resistance to the Anacystis nidulans which is essentially chilling-sensitive (Wada. H. et al.. 
Nature, 347500. 1990). 

10 Genes so far obtained for desaturases of blue-green algae include a A 6 desaturase gene (Reddy, A.S. et al., Plant 
Mol. Biol.. 27:293. 1993) and a A 12 desaturase gene (Wada. H, et al., Nature, 347200. 1990). However, the A 6 and 
A 1 2 desaturases cannot desaturate fatty acids at the A 6 and A 1 2 positions, respectively, unless a doubl e bond is intro- 
duced at the A 9 position. Moreover, A 15 desaturase cannot desaturate fatty acids at the A 15 position unless the fatty 
acids are desaturated at both the A 9 and 12 positions. Hence, if the genes for enzymes capable of desaturating fatty 

IS acids at the A 9 position are introduced and expressed in higher plants, they should be able to reduce the content of 
saturated nwlecular species in higher plants and thereby impart a chilling resistance to the higher plants. However, no 
gene for enzymes capable of desaturating fatty acids at the A 9 position has been obtained until now. 

Therefore, an object of the present invention is to provide genes for enzynries capable of desaturating fotty acids at 
the A 9 position and polynucleotides containing part of said genes. 

20 Another object of the present invention is to provide vectors which contain genes for enzymes capable of desatu- 
rating fatty acids at the A 9 position or polynucleotides containing part of the genes. 

A further object of the present invention is to provide plant cells and plants which are transformed with genes for 
enzymes capable of desaturating fatty acids at the A 9 position or polynucleotides containing part of the genes. 

25 DISCLOSURE OF THE INVENTION 

As a result of various studies conducted to achieve the above otjjects. the inventors succeeded in dontng a gene 
encoding a A 9 desaturase from genomic DNA of blue-green alga befonging to the genus Anacystis. obtaining vector 
DNA incorporating the gene, transforming a plant cell with the vector DNA. differentiating the cell to regenerate the 
30 plant, thereby imparting a chilling resistance to the plant. The present invention was accomplished on the basis of these 
findings. The subject matters of the present invention are as follows: 

(1) Genes encoding proteins having an activity of desaturating lipid-bound fatty acids at the A 9 position. 

(2) The genes of (1) or polynucleotides containing part thereof, wherein the proteins having an activity of desatu- 
35 rating lipid-bound fatty acids at the A 9 position contain the amino acid sequence substantially shown in SEQ ID 

NO: 4. 

(3) The genes of (1) or polynucleotides containing part of thereof, wherein the genes encoding proteins having an 
activity of desaturating lipid-bound fatty acids at the A 9 position are DNA chains containing the base sequence of 
SEQ ID NO: 3. 

40 (4) Vectors which contain the genes or polynucleotides containing part of thereof according to any one of (1)-(3). 

(5) Plant cells transformed with the genes or polynucleotides containing part of thereof according to any one of (1)- 
(3). 

(6) A method for creating plants by differentiating the plant cells of (5) to regenerate plants. 

(7) Plants transformed with the genes or polynucleotides containing part of thereof according to any one of (1)-(3). 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the amino acid sequence encoded by des 9 var fragment as compared with the amino acid 
sequence of mouse stearoyl-CoA desaturase (MSCD2). In Figure 1 . : indicates that the two sequences have the same 
so amino acids and - indicates that the two sequences have amino acids having similar properties. X shows a range of 
high homology. 

Figure 2 is an electropherogram showing an autoradiogram in a Southern analysis of genomic DNA of Anacystis 
nidulans with des 9 var fragment used as a probe. 

Figure 3 shows the relationship among inserted DNA fragments, X 5, X 15 and p15X. Thick arrows show the posi- 
55 tions in which a protein is encoded and their directions. Thin anows show the positions which were sequenced and their 
directions. 

Figure 4 shows the amino acid sequences of des 9 nid as compared with the amino acid sequence of mouse 
stearoyl-CoA desaturase (MSCD2). The comparison was made in the same rranner as in Figure 1. 
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Figure 5 is a pair of photographs showing in biological nrorphology the influence of a lew temperature treatment on 
transformed tobacco plants. Ttie left photo shows the result of the low tenrperature treatment of tobacco transformed 
with a desaturase gene and the right photo shows the result of the low temperature treatment of tobacco transformed 
with pB|121. 

5 

PREFERRED EI^BODIMENTS OF CARRYING OUT THE INVENTION 

The A 9 desaturase of the present invention is an enzynrte which is Inherently present in blue^reen algae as 
described above in the BACKGROUND ART. The chemical structure of the A 9 desaturase has local similarities to 

10 those of the stearoyl-CoA desaturases of mouse (Kaestner, K. H. et al., J. Bid. Chem.. 264:14755. 1989), rat (Mihara, 
K. J. Biochem.. 108:1022. 1990) and yeast (Stukey. J. E. et al.. J. Biol. Chem.. 265:20144. 1 990) but h is very different 
taken as a whole. In addition, ft is entirelly dissirryiar to the chemical structures of known blue-green algal enzymes 
capable of desaturating lipid-bound fatty adds at the A 6 and A 12 positions and that of a higher plant enzyme capable 
of desaturating lipid-bound fatty acids at the o 3 position (Yadav. N.S. et al., Plant Physiol.. 103:467. 1993). tn the case 

15 where the genes of the present inventton are produced from natural materials, Wue-green algae may be used as raw 
materials. The blue-green algae to be used include but are not limited to those belonging to the genera AnacystiS. Sxoi 
echocvstis. Anabaena and the like. In order to desaturate saturated molecular species in higher plants. AoaoffiHs-type 
A 9 desaturase (Murata. N. et al.. Plant Cell Physiol.. 33:933. 1992. Group 1-type Wue-green algae belong to the genus 
Anacvstis) Is preferred to Anabaena - and Synechocvstis -tvoes for the following reason. 

20 The sn-1 and 6n-2 positions of almost all membrane lipids of Svnechocvstis PCC6803 and Anabaena variabilis are 
occupied by fotty acids of 18 carbon atoms (C18) and 16 caxbon atoms (016), respectively (Sato. N. et al.. Biochim. 
Biophys. Acta. 710:279. 1982; Wada. H, et al., Plant Cell Physiol.. 30:971 , 1989). On the other hand, the both sn-1 and 
sn-2 positions of alnK}St all membrane lipids of Anacystis nidulans are occupied by C16 (Bishop. D. G. et al.. Plant Cell 
Physiol.. 27:1 593. 1 986). Hence, rt is believed that the A 9 desaturases of Anabaena and Synechocvstis have an activity 

26 Of reacting with the substrate 18:0/16:0-molecular species to desaturate the 18:0 at the position of sn-l into 18:1 A 9. 
whereas the A 9 desaturase of Anacvstis has an activity of reacting with the substrate 1 6:0/1 6:0-molecular species to 
desaturate the 16:0 at the position of sn-1 into 16:1 A 9. Considering the fact that higher plants contain a larger amount 
of 1 6:0/1 6:0-saturated nrwlecular species, the Anacystis -type A 9 desaturase is morQ suitable than the Anabaena- and 
Synechocvstts- tvoe enzymes for the purpose of desaturating saturated molecular species in higher plants. 

30 As will be shown below in the Examples, the genes of the present invention include genes encoding A 9 desaturase 
which contains the antino acid sequence substantially shown in SEQ ID NO: 4 and tiieir degenerate isomers capable 
of encoding tiie same polypeptide except for degenerate codons. The genes of tiie present invention are predominantiy 
in the form of DN A chains. The "amino acW sequence substantially shown in SEQ ID NO: 4" includes not only the amino 
acid sequence shown in SEQ ID NO: 4 but also those amino acid sequences In which part of the amino acid sequence 

35 of SEQ ID NO: 4 ntay be modified by deletions, substitotions and/or additions, provided that a A 9 desaturase activity 
is retained. 

The genes of the present invention can be prepared by any conventional known techniques from the aforemen- 
tioned blue-green algal cells. 

In brief, the genes of the present inventton can be prepared by culturing blue-green algal cells, collecting them, pre- 
40 paring genomic DNA from the blue-green algal cells by a conventional known technique such as ethanol precipitation 
or the like, preparing a gene library based on the genomic DNA, selecting clones containing tiie desired gene from the 
library and amplifying tiie clone DNA. 

Vectors to be used for the preparatbn of the gene library Include any conventional vectors and specific examples 
include phages such as X DASH II (Stratagene). cosmids such as pWE15 (Stratagene). phagemids such as pBluescript 
45 II (Stratagene) and tiie like. The genes of tiie present invention can be introduced into these vectors by a conventional 
known metiiod selected for a specific kind of vectors. 

Clones in which tiie gene of the present invention has been introduced is selected from the thus prepared gene 
library. 

The methods for clone selection include any conventional known selection methods, for example, immunological 
50 methods such as plaque hybridization and colony hybridization in which antibodies are used, as well as plaque hybrid- 
ization and colony hybridization in which nucleotide probes are used. A preferred criterfon for the nucleotide probe 
selection is to use as a probe part of base sequences which are estimated to be similar to the genes of the present 
invention (eg., base sequences encoding pari of tiie 260-295 amino acid sequence of MSCD2 in Rgure 1). 

The base sequence of the gene of tiie present invention in the selected done can be determined and confirmed by 
55 any conventional known methods such as the Maxam-Gilberl metiiod (Maxam-Gilbert. Methods Enzynnol., 65:499, 
1980). tiie dideoxynucleotlde chain terminator technique using M13 phage (Messing. J. et al.. Gene. 19:269. 1982) and 
the like. 

The actual expression of A 9 desaturase can be confirmed by, for example, the metiiod of Wada et al. (J. Baderiol., 
175:6056. 1993). 
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OncG the genes of the present invention are sequenced, they can be synthesized by any conventional known meth- 
ods such as a phosphite method using a commercially available DNA synthesizer. 

The gene of the present invention or a polynucleotide that contains part of the gene and which has the A 9 desat- 
urase activity is separated from the selected clones, incorporated into a vector for gene introduction into a plant host, 
5 intnxlucing the vector into a plant cell and expressing A 9 desaturase in the plant, thereby imparting a chilling resistance 
to the plant 

The Wnd of plants into which the genes can be Introduced is not particularly limited. 

The vectors lor gene introduction should be constructed such that the A 9 desaturase gene can be expressed sta- 
bly in plants. More specHically, a promoter, a DNA chain encoding a translation control region, a DNA chain encoding a 

10 peptide for transfer into chloroplasts. the gene of the present invention or a polynucleotide that contains part of the gene 
and which has the A 9 desaturase activity, a DNA chain encoding a termination codon and a terminator should be incor- 
porated in appropriate positions. As construction elements for the introduction of genes other than the gene of the 
present invention, any conventional known elements can be used. Preferred examples of the DNA chain encoding a 
peptide for transfer into chloroplasts include a gene for the small subunit of pea ribulose-1 ,5-bisphosphate carboxylase. 

IS Examples of the prorrroler include a cauliflower nrosaic viral 35S promoter. Examples of the terminator include a tenmi- 
nator of nopaline synthase. 

The methods for gene introduction into plant cells include any conventional known methods such as the methods 
described in "Plant genetic transformation and gene expression; a laboratory manual". Draper, J. et al. eds.. Blackwell 
Scierrtlfic Publications, 1988. Exemplary methods include biological methods using viruses and AflrptWPtgrjMn). physi- 

20 cochemical methods such as electroporation. a polyethylene glycol method and microir^ectlon, and the like. Anwng 
these, the use of Aprobacterium is preferred for dicotyledonous plants such as tobacco since it secures stable transfor- 
malkwi. The methods using Agrobacterium include an intermediate vector method using a wikJ-type tumor plasmid 
(Nature. 287 (1980) p.654; Cell, 32 (1983) p.1033; EMBO J., 3 (1984)p.1525), an intemiediate vector method using a 
vector deficient of a tumor formation gene region on T-DNA (EMBO J.. 2 (1983) p.2143; Bic/Technology, 3 (1985) 

25 p.629), abinary vector method (Biotechnology, 1 (1983) p. 262; Nature, 303 (1983) p. 179; Nud. Acids Res., 12 (1984) 
p.8711) and the like. Any of these methods can be used. Exanples of the methods in which plants are infected with 
Aafobacterium include direct inoculation to cultured cells, protoplast co-cultivation, a leaf-disk method and the like. A 
leaf-disk method is prefen-ed in terms of the ability to produce a large number of transformed plants in a direct and easy 
way. 

30 In order to regenerate plants, the transformed plant cells may be cultured in known media such as Murashige- 
SkDog medium that are supplemented with selection antibiotics, plant growth hormones and any other agents. The 
rooted seedlings are transplanted into the soil and cultured for growth to complete plants. 

The transformed plants which have been grown to mature plants can be tested for chilling resistance by the follow- 
ing procedure: 

35 A test plant is cultured at a temperature (eg., 25 ''C) at which it does not receive a low temperature injury and then 
cultured temporarily (eg,, for a week) at a low temperature (eg.. 4*C). The injury to the plant, for example, chlorosis and 
the reduction of fertility are measured. Alternatively, the amount of the plant growth may be compared with that of a con- 
trol plant. 

The present invention will now be explained in greater detail with reference to the following examples which are by 
40 no means intended to limit the scope of the present invention. 

[Example 1 ) The cloning of a DNA fragment of open reading frame flanking at the upstream side of the A 1 2 desaturase 
gene (des A) of Anat)aena variabilis 

45 Anabaena variabilis I AM M-3 provided by Institute of Molecular and Cellular Biosciences. University of Tokyo, was 
cultured in about 100 ml of a BG-1 1 medium ("Plant Molecular Biology", Shaw. C. H. ed., p.279. IRL PRESS. 1988). 
The culture was shaken at 25 °C under 1.000-lux fluorescent light with a 120-rpm shaking rate to grow bacteria thor- 
oughly The culture solution was centrifuged at room temperature at 5,000 g for 10 minutes to collect the precipitated 
cells. 

50 For the purpose of preparation of genomic DNA, the cells were suspended in 50 ml of solution A (50 mM Tris-HCI, 
ImM EDTA, pH 8.0). washed and centrifuged to collect the precipitated cells. Subsequently, the resulting cells were 
suspended in 15 ml of solution B (50 mM Tris-HCI. 20 mM EDTA. 50 mM NaCI. 0.25 M sucrose, pH 8.0). To the sus- 
pension. 40 mg of lysozyme (Sigma) dissolved in solution B was added and the mixture was shaken at 37 ^'C for 1 hour. 
To the shaken culture, proteinase K (15 mg) and SDS (final concentration of 1%) were added and the mixture was 

55 shaken at 37 *C overnight. To the shaken culture, NaCI04 was added to a final concentration of 1M and 20 ml of chlo- 
roform/isoamyl alcohol (24:1) was also added. The resulting mixture was shaken for 10 minutes and then centrifuged 
to collect the aqueous layer. After re-extraction with chloroform/isoamyl alcohol (24: 1). 50 ml of ethanol was added to 
the aqueous layer and a genomic DNA preparation was collected by winding the DNA on a glass rod. The DNA prepa- 
ration was dissolved in 20 ml of solution A and NaCI was added at a final concentration of 0.1 M. RNase was added at 
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a final concentration of 50 mg/ml and the resuiting mixture was incubated at 37 °C for 1 hour. Subsequently, extraction 
with an equal airount of phenol saturated with solution A was performed twice and elhanol was then added to the aque- 
ous layer, thereby collecting the precipitated genomic DNA. The genomic DNA was washed with 70% ethanol and dis- 
solved in 1 ml of solution A to prepare an Anabaena variabilis genomic DNA solution. 

5 Sakamoto et al.. reporting the presence of an open reading frame (ORF) flanking at the upstream side of A 12 
desaturase gene, suggested that it may have something to do with the desaturase when they made a speech on the 
cloning of a membrane lipid-bound fatty acid A 1 2 desaturase gene derived from Anabaena yariflbtllg (Lecture Abstract 
No. 3aF04 In the 1993 annual meeting of The Japanese Society of Plant Physiologists). However, the function of the 
ORF was not identified. The inventors took interest in the ORF and its function. Thus» they synthesized four primers 

10 (SEQ ID NOs: 5-8) giving attention to three base sequences in the DNA chain of the ORF and used the primers in PGR 
with Anabaena variatrilis gerKHTiic DNA used as a template. 

Of the four primers, those having the base sequences of SEQ ID NOs: 5 and 6 encode sense strands and those 
having the base sequences of SEQ ID NOs: 7 and 8 encode antisense strands. The base sequences of SEQ ID NOs: 
6 and 7 are derived from the same amino acid sequence. A printer set was selected from each of the sense and anti- 

15 sense strands and PGR was performed with 4 combinations of primers in total. The primers (20 mM, each) and the Ana- 
baena variabilis genomic DNA (1 m9) were added to the reaction solution (100 nO and reaction was performed with a 
GeneAmp PGR Kit (TAKARA SHUZO CO., LTD.). The PGR was performed through 35 cycles, each cyde consisting of 
95 *»G (1 minute), 45 "G (1 minute) and 72*G (2 minutes). In the f ffst cycle, the temperature of 95 "^C was maintained for 
3 minutes. After the end of the reaction, the reaction solution (10 p\) was etectrophoresed on a 2% agarose gel to sep- 

20 arate the synthesized DNA for analysis. As a result of the analysis, a DNA fragment having an expected size (about 1 90 
bp) was detected as a main band in the DNAs synthesized using a combination of primers having the base sequences 
of SEQ ID NOs: 6 and 8. The DNA fragment (hereinafter referred to as "des 9 var^ was treated with a Wenow fragment 
to make blunt ends and then cloned into plasmid pTZ18R (Pharmacia) at a Smal site, followed by determination of the 
base sequence with a fluorescent DNA sequencer (Applied Biosystems). The determined t>ase sequence is shown in 

26 SEQ ID NO: 1 . The amino acki sequence (SEQ ID NO: 2) deduced from this base sequence had a sigrtificant homofogy 
with mouse stearoyl-GoA desaturase (see Figure 1 showing the amino add sequence encoded by the des 9 var frag- 
ment as compared with that of mouse stearoyl-GoA desati^ase (MSCD2)). 

Subsequently, Anacystis nidulans genomic DNA was analyzed by Southern bfotting technique with the des 9 var 
fragment used as a probe. Restriction enzymes Xhol, Pstl and BamHl were used indivkiually to deave Anacystis nidu- 

30 liQg genomic DNA (about 0. 1 iig). The resulting DNA fragments were separated by electrophoresis on a 0.8% agarose 
gel and then blotted on a nylon membrane (Hyl>ond-N* ; Amersham). Probe DNAs were labelled with [a-^^PJdCTP 
using a Multiprime DNA labelling Kit (Amersham). The probe DNAs were reacted with the membrane by incubatfon in 
a solution consisting of a SxSSPE [IxSSPE was a mixture of a 10 mM phosphate buffer (pH 7.0), 1 mM EDTA and 0.15 
M NaGIJ. 0.2% SDS and 100 jig/ml herring sperm DNA at 55 *»G for 16 hours. The resulting membrane was then washed 

35 by shaking it twice in 2xSSG [IxSSG was a mixture of 0. 1 5 M NaQ and 15 mM sodium dtrate] at room temperature for 
15 minutes and twice in O.lxSSG at 40 ''G for 15 minutes and analyzed by autoradiography. As a result only one DNA 
fragment was detected in the case where the genomic DNA had been cleaved with any of the restrk;tion enzymes (see 
Figure 2. In Figure 2, "Non" means that the genomic DNA was not cleaved with any restriction enzymes.). 

40 [Example 2] Gloning of a DNA chain in Anacystis nidulans genomic DNA having high homology with the des 9 var frag- 
ment 

The cultivation of Anacvstis nidulans R2-SPc provided by Institute of Molecular and Cellular Biosdences, Univer- 
sity of Tokyo and the preparation of genomic DNA were conducted by the same method as in the case of Anabaena 

4S variabilis . TTie genomk: DNA (about 100 ^g) was partially digested with SauSAI and DNA fragments of about 9-23 Mbp 
were then collected by ultracentrifugation in a sucrose density gradient according to the method described in "Molecular 
Gloning, 2nd edition, pp.2.85-2.87 (Sambrook, J. et al.. eds.. Cold Spring Harbor Laboratory, 1989). The collected DNA 
fragments were cloned into lambda phage vector X DASH 11 (Stratagene) cleaved with BamHl and Hindlll and then 
packaged in phage partides to yield an Anacystis nidulans genomic DNA library. E, soli P2392 cells were infected with 

50 the phage library and cultivated in NZYM-agar plates of about 1 5 cm in diameter. A total of about 100.000 plaques were 
formed and then blotted on nylon membranes (Hybond-N*; Amersham), In the same manner as in the above Southern 
analysis, the des 9 var fragment labelled with [a-^^P]dCTP was reacted with the resulting membranes and positive 
phages detected by autoradiography were screened to yield about 30 phage clones having different signal intensities, 
from which 12 dones were selected. Phage DNA was obtained from each done by a conventional method. The 

55 obtained phage DNA was cleaved with several kinds of restriction enzymes and separated by electrophoresis on a 
0.8% agarose gel, followed by blotting on a nyton membrane. The resulting membrane was analyzed by Southern blot- 
ting technique under the same conditions as in the above screening and comparison was made on the lengths and sig- 
nal intensities of DNA fragments hybridizing with the probe DNAs. As a resuH, 2 dones, A. 5 and X 15. showed the 
strongest signals. Since these two dones had inserts DNA of 1 1 and 1 5 kbp, it was estimated that they were suff idently 
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long to contain the entire region of the desired ORF. The insert DNA of each of the two done was cleaved with several 
restriction enzymes and analysed by Southern blotting technique. As a resuft, a DtMA fragment of about 5 »d)p was 
detected in both clones when they were cleaved with Xhol and hybridized. This DNA fragment was subcloned into 
pBluescript SK-(Stratagene) at a Xhol site to yield plasmids p5X and pi 5X which contained the DNA fragments derived 

5 from X 5 and X 15, respectively. The detailed restriction maps of p6X and p15X were prepared and compared. These 
maps show that both p5X and p15X contain the same genomic DNA fragment (see Figure 3 showing the correlatlvity 
between the DNA inserts of A. 5 and X 15. The hatched rectangles show DNA fragments hybridizing with the probe des 
9 var fragment in the process of screening. Thick arrows show the region of des 9 nid {to be described below) and the 
direction of a sense strand. Thin arrows show the sequencing direction of a region containing des 9 nkJ. The bars of 5 

io kbpi 1 .25 Kbp and 0.5 kbp show size markers for the left maps. Abbreviations of restriction enzymes have the following 
meanings: B, BamHI; H, Hindlll; N. Not!; Hp. Hpal; Rl, EcoRI; RV. EcoRV; S, Sail; P. PstI; and X. Xhol). 

Deletion plasmids were prepared from p15X with restriction enzymes or Exolll and the base sequence of a DNA 
fragment of about 2 kbp which contained a region hybridizing with the des 9 var fragment was determined with a fluo- 
rescent DNA sequencer (see Figure 3). As a result, it was estimated that the DNA fragment wouW contain ORF (des 9 

IS nid) of 834 bp (SEQ ID NO: 3) which would encode 278 amino adds (SEQ ID NO: 4). The amino acid sequence had 
about 80% homology with the amino acid sequence (SEQ ID NO: 2) of the previously cloned des 9 var fragment derived 
from Anabaena variabilis. A search for highly honrologous amino add sequences was conducted with nucleic add and 
amino acid sequence analysis software GENETYX (Software Development) and nudeic add and amino add sequence 
data bases EMBL and DDBJ. The results of the search revealed that des 9 nid had about 30% general homology with 

20 mouse stearoyt-CoA desaturase but that part of des 9 nid had a very high homology with the mouse desaturase (see 
Figure 4 showing the amino acid sequence of des 9 nid as compared with that of mouse stearoyl-CoA desaturase 
(MSCD2)), suggesting that the obtained des 9 nid should encode an enzyme capable of desaturating fatty adds. 

[Example 3] Determination of activity by the expression of the des 9 nid gene in E^ £g!i 

25 

Anacvstis nidulans desaturase has only a A 9 desaturase activity or the ability to desaturate lipid-bound saturated 
fatty acids at the 9 position (Bishop. D.G. et al.. Plant Cell Physiol.. 27:1593. 1986). For this reason, an attempt was 
made to express the polypeptide encoded by des 9 nid in E.£Qli and measure its activity. 

Since direct expression from p15X is difficult, a vector for expression in E gfili was prepared. Specifically. pET3a 
30 (Npvagen) was selected as a vector and des 9 nid was cloned into pET3a between the sites of hidel and BamHI such 
that extra amino acids would not be added to the amino terminus of the polypeptide encoded by des 9 nid by the follow- 
ing procedure: 

In order to insert a BamHI site just downstream of the C terminus of the des 9 nid-encoded protein. PGR was per- 
formed with the base sequences of two parts having the C terminus therebetween. Sped! k:ally. the PGR was performed 
35 with the following two primers and using p1 5X as a template to yield a product of about 1 40 bp. 
Sense primer:5 -AGGTCATGGCCIQCAQI (a PstI site is underlined) (SEQ ID N0:9) 

Anlisense primer :S'-CG CGGATCCTTAG TTGTTTGG AG ACG (a single line is drawn under a BamHI site and a double 
line is drawn under a stop codon) (SEQ ID NO: 10) 

The product was subdoned into pUCl9 at a Smal site and the accuracy of the base sequence was confirmed. As 

40 a resuh. an EcoRI site was created downstream of the BamHI site in the resulting plasmid. The plasmid was deaved 
sequentially with EcoRI and PstI. In the meantime, pi 5X was deaved with the same restriction enzymes to introduce a 
BamHI site just downstream of the stop codon. The plasmid was deaved with Sail and a fill-in reaction was then per- 
formed with a DNA polymerase Klenow fragment in the presence of four kinds of dNTP, followed by deavage with Hin- 
dlll. The adaptor consisting of the following two synthesized DNAs was inserted into the resulting plasmid. thereby 

45 introdudng an Ndel site into the amino terminus. The adaptor was a mixture of equal molar amounts of the following 
two DNAs. 

S' -CATATGA CCCTTGCTATCCGACCCA (an Ndel site is underlined) (SEQ ID NO: 11) and 

5' -AGCTTG GGTGGGATAGCAAGGGTCAIArG (a single line is drawn under an Ndel site and a double line is drawn 
under part of a Hindlll site) (SEQ ID NO: 12) 

50 The resulting plasmid (|3Des9Nde) was introduced into competent cells of E £Q|i strain Bt-21 (DE3) (Novagen) 
which were prepared by a conventional method (Molecular doning. pp.250-251, 1982). Transformed strain BLDES1 
was obtained by selection for ampicillin resistance. 

The BLDES1 strain and pET3a-containing BL21 strain (BL1) were inoculated in a 100-ml M9 medium (containing 
200 HQ/ml ampicillin. 4 mg/ml glucose. 10 FeCIa, 0.5 ^g/ml vitamin B1, 1 mg/ml casamino acids) and cultured at 37 

55 <»C. The cultivation was continued until the turbidity of the culture solution reached 0.5 O.D. at a wavelength of 600 nm. 
Isopropylthiogalactoside (IPTG) was added at a final concentration of 1 mM to the culture solution. The cells were cul- 
tured for an additional 1 hour to induce the expression of the A 9 desaturase gene. The E, gsi pellets were collected 
and washed with 1 .2% NaCI, followed by lipid extraction. Lipids were extracted by the method of Bligh and Dyer (Gan 
J. Biochem. Physiol., 37:91 1. 1959) and reacted with 5% methanolic hydrochloride (2.5 mi) at 85**C for 2.5 hours under 
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a corTf)letely sealed condition to yield methylated fatty acids. The produced fatty acid mettiyl esters were extracted 4 
times with hexane (2.5 ml) and concentrated by removing the solvent with nitrogen gas. The fatty add methyl esters 
were analyzed by gas chromatography. The fatty acids were identified by comparison of retention times with standard 
fatty add methyl esters. The quantitative analysis was conducted with a Chromatopack C-R7A plus (Shimadzu Corp.). 
5 The results are shown in the follcwing Table 1 . 



Table 1 



Fatty Acid Composition in L. coii 


Strain 


16:0 


16:1 


18:1 All 


Others 


BL1 (0 hour) 


47 


20 


29 


4 


BL1 (1 hour) 


50 


17 


29 


4 


BLDES1 (0 hour) 


44 


22 


30 


4 


BLDES1 (1 hour) 


40 


28 


28 


4 


The hours indicate the time of protein induction with IPTQ. 



20 

The results revealed that 16:1 increased in the BLDES1 strain, showng that the gene of the present invention has 
an activity of desaturating 16:0. 

The two strains were cultured in an M9 medium supplemented with 0.1 mM stearic acid and a comparison was 
25 made in the same manner as above. In contrast to the BL strain, the BLDES1 strain produced not only 16:1 but also 
18:1 A 9. This indicates that the polypeptide encoded by des 9 nid can use not only 16:0 but also 18:0 as a suk>strate 
to produce unsaturated fatty acids. 

[Example 4] Introduction of the des 9 nid gene into tobacco plants 

30 

The Anacystis nidulans -derived des 9 nid gene was incorporated into tobacco plants as follows: 

(1) Construction of vector plasmid for expression in plants 

35 Plasmid pDes9Nde was cleaved with Sad and Sail to yield a des 9 nid gene fragment held between the sites of the 
two restriction enzymes. A diloroplast-transit sequence was cut off from the clone pSNIP9 containing a pea RuBisCO 
gene (Schreicher et al.. EMBO J. 4, 25 (1985)) with Hindlll and SphI and cloned into pUCi 18 cleaved with the same 
restriction enzyme, thereby yielding plasmid pTRA3 containing a multi-doning site downstream of the transit 
sequence. The Hindlll site of this plasmid was cleaved and filled in with a Klenow enzyme, followed by insertion of a 

40 Xbal linker (pTRA3X). The plasmid pTRA3X was cleaved with Sail and Sad and the des 9 nid fragment which had been 
obtained by cleavage with the same restriction enzymes was inserted (pTRA3Xdes9). In the pTRA3Xdes9, the des 9 
nid gene would be translated, following the transit sequence of RuBisCO. in the same reading frame. This plasmid was 
cleaved with Sad and Xbal and inserted into the following vector for plants. Plant expression-type binary plasmid 
pBi121 (Clonetech) was deaved with Sad and Xbal to yield p-glucuronidase gene (GUS gene)-free plasmid pBI(- 

45 GUS). The transgene prepared above was inserted into the plasmid pBI{-GUS) between the cauliflower mosaic viral 
35S promoter and the nopaline synthase (NOS) terminator to yield a vector (pBI121(-GUS)Rbsc-des9) for introduction 
into plants. 

(2) Introduction of pBI121(-GUS)Rbsc-des9 into Aarobacterium 

50 

Aarobacterium tumefadens LBA4404 (Clonetech) was inoculated in a 50-ml YEB medium {5g beef extrad, 1g 
yeast extrad, 1g peptone and 5g sucrose per liter supplemented wrth 2 mM MgS04 (pH 7.4)) and cultured at 28 "C for 
24 hours. The cultured solution was centrifuged at 3,000 rpm at 4 <*C for 20 minutes to colled the cells. The cells were 
washed 3 times with 10 ml of 1 mM Hepes-KOH (pH 7.4) and once with 3 ml of 1 0% glycerol. The cells were suspended 
55 in a ml Of 10% glycerol to prepare Aqrobaderium cells for DNA introdudion. 

^ The thus obtained cell solution (50 ^il) and the plasmid pBI121(-GUS)Rbsc-des9 (1 ^ig) were placed in a cuvette 
and treated with eledric pulses using an eledroporation apparatus Gene Pulser (BioRad) under the conditions of 25 fif. 
2500 V and 200 a thereby introducing the plasmid DNA into the Agrobaderium. The cell solution was transferred into 
an Eppendorf lube and 800 ^l of an SOC medium (20g tryptone, 5g yeast extrad, and 0.5g NaCI per liter supplemented 
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with 2.5 mM KCI. 10 mM MgS04. 10 mM MgClg and 20 mM glucose (pH 7.0)) was added. The cells were cultured stat- 
ically at 28 *C for 1.5 hours. The culture solution (50 mI) was inoculated in a YEB agar medium (agar 1.2%) supple- 
mented with 100 ppm kanamycin and cultured at 28 for 2 days. 

Well separated colonies were selected from the resulting colonies and plasmid DNA was prepared from the 
5 selected colonies by an alkaline method. The plasmid DNA was digested with appropriate restriction enzymes. The 
resulting DNA fragments were then separated by electrophoresis on a 1% agarose gel and analyzed by Southern Wot- 
ting technique using ^^P-labelled des 9 nid gene fragment as a probe; it was confirmed that the Agrpbact^rjuni cells 
contained the plasntid pBI121(-QUS)Rbsc-des9. This Agrobacterium tumefgcj^ns cell line is abbr&rtated as "ALBB- 
SDES". 

10 

(3) Transformation of Tobacco 

The cell line ALBBSDES was cultured with shaking in anLB liquid medium supplemented with 50 ppm kanamycin 
at 28 «C for 2 days . The culture solution (1 .5 ml) was cenlrifuged at 10.000 rpm fa 3 minutes to collect the cells. The 
15 cells were then washed with a 1 -ml LB medium to remove kanamycin. Additionally, the cell solution was centrifuged at 
1 0.000 rpm for 3 minutes to collect the cells. The cells were then re-suspended in a 1 .5-ml LB medium to prepare a cell 
solution for infection. 

For infection of tobaccd a young leaf of tobacco was taken and immersed Into a 0.5% sodium hypochlorite solution 
in water tor 10 minutes. Subsequentiy, the leaf was washed 3 times with sterilized water and wiped with sterilized filter 

20 paper to prepare a leaf saniple to be Infected. The leaf was cut off aseptically with a knife in pieces of 1 cm^ each. The 
pieces were placed on the solution off Agrobacterium such that the back of each piece faced up and shaken gently for 
2 minutes. The pieces were then placed on sterilized filter paper to remove excess Agrobacterium. Whatman No.1 filter 
paper (0 7.0 cm) was placed on an MS-B5 medium (containing 1.0 ppm benzyladenine. 0.1 ppm naphthaleneacetic 
acid, and 0.8% agar) (f^urashige, T. and Skoog, F Plant Physiol.. 15:473, (1962)) in a plate and each piece of the sam- 

25 pie leaves was placed on the filter paper such that the back of the leaf faced up. The plate was sealed with a paraf ilm 
and the leaf was cultured through cycles of 16 hours under light and 8 hours in the dark at 25 for 2 days. Subse- 
quentiy. the leaf was transfenred into an MS-B5 medium supplemented witii 250 ppm calfforan and cultured under the 
same conditions to remove the Agrobacterium . Additionally, the leaf was placed in an MS-B5 medium supplemented 
with 250 ppm calforan and 100 ppm kanamycin on the bottom of a plate and cultured under tiie same conditions for 7 

30 days. In the mean time, the calluses were formed around the leaf and shoots were initiated. After cultivation for an addi- 
tional 10 days, the extended shoot was placed in an MS-HP medium (MS-B5 medium free from benzyladenine and 
naphtiTaieneacetic ackJ) supplemented witti 250 ppm calforan and 100 ppm kanamycin. After cultivation for 10 days, the 
rooted shoot was selected as a kanamydn-tolerant transformant and transplanted into an MS-HF medium supple- 
mented with 250 ppm calforan in a plant box. 

35 

[Example 5] Southern and Northern analyses of the transformed tobacco genome 

DNA was extracted from the kanamycin-tolerant tobacco and analyzed by the Southern and Northern blotting tech- 
nk^ues to confirm the introduction and the expression of the desired gene. The extraction of the genomic DNA was con- 

40 ducted by a CTAB method according to a manual (Rogers. S. O. & Bendich. A. J.: Plant Molecular Biology Manual A6; 
1 (1988)). In brief, tobacco leaves (2 g) were ground in Ikjuid nitrogen and genomic DNA was extracted with a CTAB 
extraction buffer. The DNA (10 ^ig) was cleaved with EcoRI artd Xbal and then electrophoresed on a 0.7% agarose gel. 
followed by blotting of tiie separated DNA fragments with 0.4 N NaOH on a nylon membrane (Hybond N+; Amersham). 
The transit-containing desaturase gene derived from pTRA3Xdes9 was used as a probe for hybridization with the mem- 

45 brane at 65 *C for 16 hours, tiiereby confirming that the desired gene was introduced into the tobacco genome. 

RNA was extracted from tiie tobacco leaves (about 2 g) and analyzed to confirm the expression of the transgene. 
The procedure consisted of extracting poly(A)+RNA with guanidium thiocyanic ackJ (Nagy. F et al.. Plant Molecular 
Biology Manual B4; 1 (1988)) and electrophoresing on a formaldehyde-containing agarose gel. The RNA was blotted 
on a nylon ment)rane (Hybond N; Amersham) and analyzed under the same hybridization condition as in the Southern 

so method. Among the transformants expressing various amounts of RNA. those expressing large amounts of RNA were 
selected and analyzed for fatty acids. 

[Example 6] Fatty acid analysis of the lipids in the transformed tobacco plants 

55 Lipids such as phosphatidylglycerol (PG) and sulfoquinovosyldiacylglycerol (SQDG) were prepared by the foltow- 
ing method from the leaves of the transformed tobacco plants which were verified for high RNA expression in Example 
5 and those of control tobacco plants transformed with pBI121. Their fatty acid compositions were analyzed. The root 
lipids were also analyzed in regard to part of the transformants and non-transformants. 
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(1) Extraction of total lipids 

Upids were extracted by the Bligh-Dyer method (Can J. Biochem. Physiol. . 37:91 1 , 1 959). Two grams by wet weight 
of the leaves (1 g. when part of the root was used as a sample) were sliced with a knife and 20 ml of chlorofornrVmeth- 

5 and (1 :2, volume ratio) was added. The leaves were disrupted with a homogenizer and left to stand for 15 minutes. 
Chloroform (1 2 ml) and distilled water (1 2 ml) were added to the dismpted leaves and the mixture was stirred vigorously. 
The rrmcture was centrifuged at 3.000 rpm at 4 X for 30 minutes to separate the aqueous and organic layers. The 
organic (low) layer was collected and an appropriate amount of ethanol was added. The solvents were distilled off at 30 
*»C under a reduced pressure with a rotary evaporator. The residue was dissolved in 2 ml of chlorofbrm/melhanol (1 :4. 

10 volume ratio) to prepare a total lipid extract. Part of the total lipid extract was treated with 5% methanolic hydrochloric, 
acid by the following method to yield methylated fatty acids. 

(2) Fractionation of lipids 

15 A suspension (2.5 ml) of DEAE-Toyopearl 650C (TOSOH) was mixed with 25 ml of a 1 M sodium acetate solution 
in water (pH 7.0) to prepare an acetic add form. The resulting suspension was washed sequentially with distilled water 
and methanol and suspended in methanol. The resulting suspension was packed in a column (i.d. 2 cm) to 1 .5 cm in 
height and washed with 50 ml of chlorofbrmAnethanol (1 :4, volume ratio). 

Subsequently, the total lipid extract was applied to the column. f^onogalactosyWiacylglycerd (MGDG), digalactos- 

so yWiacytglycerol (DQDG), phosphatidylethanolamine (PE) and phosphatidylcholine (PC) were eluted wrth 50 ml of chlo- 
rofbrm/methanol (1:4, volume ratio) to prepare neutral lipid (MGDG, DQDG. PE and PC) fractions. Then, 
phosphatidylserine (PS) was eluted out with 5 ml of acetic acid and the acetic acid was washed away with 20 ml of chlo- 
rofbrm/methanol (1:4. volume ratio). A fraction containing PQ. SQDG and phosphatidylinositol (PI) was obtained by 
extraction with 50 ml of an aqueous solution of chloroform, methanol and 10 M ammoniurn acetate (20:80:0.2. volume 

ss ratio). Ethanol (1 5 ml) was added to this fraction and the solvents were distilled off under a reduced pressure. The res- 
idue was dissolved in 0.2 ml of chIoroforn\/methanol (2:1 . volume ratio) to prepare acidic lipid (PG. SQDG and PI) frac- 
tions. 

The MGDG, DGDG, PE and PC fractions were further fractionated by silidc acid column chromatography 
(latrobeads, latoron Lak>oratories Inc.). More specifically, the samples dissolved in chloroform (1 ml) were applied to a 
30 column equilibrated with chloroform and eluted sequentially with chloroform/acetone (4:1). acetone and methanol, 
whereby giyoolipids (MGDG and DGDG) were eluted with acetone and phospholipids (PC and PE) with methanol. 

(3) Isolation and purification of PG by thin layer chromatography (TLC) and fatly acid analysis 

35 The fractions obtained in step (2) were separated with a silica gel-TLC plate #5721 (Merck). As developing sol- 
vents, chloroform/acetone/methanol/acetic acid/water (50:20:10:15:5. volume ratio) was used for the separation of 
acidic lipids and chlorofbrm/methanol/water (70:21:3. volume ratio) was used for the separation of neutral lipids. After 
separation by TLC. primulin (80% solution in acetone) was sprayed to develop fluorescence under ultraviolet light. The 
various dasses of the lipid fractions were estimated by comparison of mobility with standard lipids. The fluorescence- 

40 developing lipids were scraped together with the silica gel and placed in test tubes equipped with screw caps. When the 
fatty acid compositions of the lipids were to be estimated, 3 ml of methanolic 5% hydrochloric acid was added to the 
lipids and the mixtures were reacted at 85 "C for 2 hours under a completely sealed condition to yield methylated fatty 
acids. In the meantime, in order to determine the fatty acid oonrtpositions at the sn-1 and sn-2. the lipids were collected 
from the swaped silica gel with 5 ml of a chlorofbrm/methanol (2:1) mixed solution and dried. To the lipids, 1 ml of 50 

45 mM TrisCI (pH 7.2) and 0.05% Triton X-100 were added and the mixture was stirred vigorously to disperse the lipids. 
Rhizopus sJfitetnacKJerived lipase (2500U; Boehringer) was added to the dispersion and the mixture was held at 37'»C 
for 30 minutes to liberate fatty acids selectively at the sn- 1 position. After the reaction products were concentrated, unre- 
acted lipids. Lysolipids and free fatty acids were separated by TLC using chlorofornVacetone/methanol/acetic 
acidAvater (10:4:2:3:1) as a developing solvent. These substances were collected from the gel and reacted with meth- 

50 anolic hydrochloric add by the same method as described above to yield methylated fatty adds. TTie produced fatty acid 
methyl esters were extracted 4 times with 3 ml of hexane and concentrated by distilling off the solvent under a reduced 
pressure. The fatty acid methyl esters were analyzed by gas chromatography The fatly adds were identified by com- 
parison of retention time with standard fatty acid methyl esters. The quantitative analysis was conducted with a Chro- 
matopack C-R7A plus (Shimadzu Corp.). The results for the total lipids, PG and other representative lipids are shown 

55 in Tables 2. 3 and 4, respectively. These tables show average analytical values for 2 controls, and 2 or 3 independent 
transformants. 
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Table 2 



Results of fatty acid analysis on the total lipids in leaves 


Plant 


16:0 


16:1 


16:2 


16:3 


18:0 


18:1 


18:2 


18:3 


£16:0 
+18:0 


Control plant 


17 


3 


1 


4 


3 


1 


9 


63 


20 


Transformed plant 


10 


12 


1 


5 


1 


2 


14 


56 


11 



Tabled 



Results of fatty acid analysis on PG 




Plant 


16:0 


16:1t 


16:1c 


18:0 


18:1 


18:2 


18:3 


£16:0+ 
18X)+ 
16:1t 


PG 


Control plant 


32 


37 


0 


1 


5 


10 


14 


70 


Transfbmied plant 


18 


37 


8 


0 


10 


12 


15 


55 



25 

Table 4 



Results of fatty acid analysis on other lipids 





Plant 


16:0 


16:1 


16:2 


163 


18:0 


18:1 


18:2 


18:3 


£16:0 
+18:0 


SQDG 


Control plant 


51 


1 


0 


0 


3 


2 


7 


36 


54 




Transformed plant 


36 


22 


0 


0 


0 


4 


9 


28 


36 


MGDG 


Control plant 


7 


0 


1 


9 


1 


2 


4 


76 


8 




Transformed plant 


3 


9 


1 


10 


0 


1 


5 


69 


3 


DGDG 


Control plant 


19 


0 


0 


0 


3 


1 


4 


73 


22 




Transfbnmed plant 


9 


13 


0 


1 


0 


1 


5 


70 


9 


PC 


Control plant 


28 


0 


0 


0 


5 


1 


21 


44 


33 




Transformed plant 


19 


12 


0 


0 


3 


4 


40 


23 


22 


PE 


Control plant 


20 


0 


0 


0 


3 


1 


6 


70 


23 




Transformed plant 


18 


10 


0 


0 


2 


2 


31 


38 


20 


PI 


Control plant 


48 


1 


0 


0 


2 


1 


11 


37 


50 




Transformed plant 


44 


7 


0 


0 


1 


2 


18 


28 


45 



The results of the analysis of PG-bound fatty acids revealed that in the transformed tobacco plants expressing Apa- 
cystis nidulans -derived fatty acid desaturase, 16:0 (palmitic acid) decreased greatly whereas 16:1 cis increased and 
55 1 8:0 became almost zero (a snr^all amount of 1 8:0 was present in the control) whereas 1 8: 1 increased. Hence, the con- 
tent of saturated fatty acids (16:0+16:1trans+l8:0(stearic acid)) was 70% in the control tobacco plants whereas It was 
significantly reduced to 55% in the tobacco plants transformed with the desturase gene. The results of the respective 
analyses on PG at the sn-1 and sn-2 positions revealed that more than 98% of the sn-2 position was occupied with sat- 
urated fatty acids (16:0 or 16:1trans) and that all of the 16:1 newly produced by gene introduction was present at the 
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sn-1 position. Hence, it is clear that the amount of saturated fetty acids at the sn-1 position of PQ became extremely 
small in the tobacco transformed with the desaturase gene. In conclusion, it was found that the amount of saturated 
molecular species consisting of saturated fatty acids at both sn-1 and 2 positions decreased greatly and that, therefore, 
the tobacco plants changed into a significantly chilling-resistant type as estimated from the composition of nrxslecular 
5 species of the lipids. 

In regard to the other lipids, MGDG, DGDQ, SQDG, PC. PE and PC, it is clear that 16:0 decreased with a corre- 
sponding increase of about 10% in 16:1 and that the desaturation of 18:0 was enhanced. In MQDG and DGDG, 16:1 
was produced mainly at the sn-1 position but the production of a small amount of 16:1 was also detected at the sn-2 
position. It was found that the desaturation of MQDG, DGDG. SQDG and PG, which were lipids present predominantly 

10 In chloroplasts, was surprisingly enhanced by expressing the desaturase of the blue-green alga Anacystis ojdulaE^ in 
the chloroplasts of higher plants. There was a high possibility that these four kinds of lipids which were present in the 
membranes of Anacvstis nidulans could be used as substrates for the desaturase. It was quite surpri^ng that palinnitic 
acid and stearic acid were desaturated in PC. PE and PI because these lipid are absent in the membranes of Anacystis 
nidulans but present predominantly outside the chloroplasts in higher plants. 

IS In this example, the results of lipid analysis of the transformed tobacco plants demonstrated that the Anacystis 
ulans-derived fatty acid desaturase could desaturate 16:0 and 18:0 in almost all lipids with an extremely high efficiency 
in the transformed tobacco which is a higher plant. 

The resuHs of fatty acid analysis on total root lipids are shown in Table 5. 
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Tables 



ResuHs of fatty actd analysis on total root lipids 


Plant 


16:0 


16:1 


16:2 


16:3 


18:0 


18:1 


18:2 


18:3 


216:0 
+ 18:0 


Non-transformed plant 


26 


0 


0 


0 


5 


2 


47 


21 


31 


Transformed plant 


17 


13 


0 


0 


2 


4 


58 


6 


19 



30 

The results revealed that surprisingly enough, the Anacvstis nidulans -derived fatty acid desaturase catalyzed the 
desaturation of 16.0 and 16:0 in not only leaves but also roots, suggesting that the fiatty acid desaturase gene of the 
present Invention should have not only the possibility of improving the chilling resistance of plants but also the possibility 
of increasing the content of unsaturated fatty acids and that it is useful in industries where plants are used as raw mate- 
as rials for oil production. 

[Example 7] Testing the ti-ansformed tobacco plants for chilling resistance 

The transf ormants estimated to be promising in the RNA expression assay and the lipid analyses were self-polli- 
40 nated and the seeds of next generation were collected. Part of the seeds were planted in an MS-HF medium supple- 
mented with 800 ppm kanamycin and cultured at 25 °C for 2 weeks under the conditions of 1 6 hours under light and 8 
hours in the dark. Kanamyon-tolerant seedlings were selected. The seedlings were transplanted in plant boxes and cul- 
tured for an additional 4 weeks. In regard to the plant transformed witti pBI121 . the above procedure was repeated (con- 
trol). 

45 The plants were subjected to a low temperature treatment at 4^0 under continuous light for 1 1 days and then cul- 
tured at 25 "C for 2 days. As a result, marked leaf waving and chlorosis were observed in the control plants (the plant 
transformed with p6l121) but no injury was observed in the transformed plants. Hence, it was assumed that the chilling 
resistance was improved by introduction of the desaturase gene. 

50 INDUSTRIAL APPUCABILITY 

Chilling resistance can be imparted to plants and their content of unsaturated fatty acids can be increased by intro- 
ducing the gene of the present invention which encodes the A 9 desaturase. 

55 
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Sequence Listing 
INFORMATION FOR SEQ ID NO: 1 
LENGTH: 196 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: double 
TOPOLOGY: linear 
MOLECULE TYPE: Genomic DNA 
ORIGINAL SOURCE: 
ORGANISM: Anabaena variabilis 
STRAIN: I AM M-3 

SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

OCT CTG GGG TTG TTG CTG TTA TAT CTA GGC GGG TGG TCT TTT GTG GTC TGG 
GGA GTT TTC TTT CGC ATC GTT TGG GTT TAC CAC TGT ACT TGG TTG GTA AAC 
AGC GCT ACC CAT AAG TTT GGC TAC CGC ACC TAT GAT GCT GGT GAC AGA TCC 
ACT AAC TGT TGG TGG GTA GCT GTC CTA GTG TTT GGT GAA GGT T 

INFORMATION FOR SEQ ID NO: 2 
LENGTH: 65 amino acids 
TYPE: amino acid 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
ORIGINAL SOURCE: 
ORGANISM: Anabaena variabilis 
STRAIN: I AM M-3 

SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ala Leu Gly Leu Leu Leu Leu Tyr Leu Gly Gly Trp Ser Phe Val Val Trp 
Gly Val Phe Phe Arg He Val Trp Val Tyr His Cys Thr Trp Leu Val Asn Ser 
Ala Thr His Lys Phe Gly Tyr Arg Thr Tyr Asp Ala Gly Asp Arg Ser Thr Asn 
Cys Trp Trp Val Ala Val Leu Val Phe Gly Glu Gly 



13 



EP0 736 598A1 



INFORMATION FOR SEQ ID NO: 3 

LENGTH: 837 base pairs 

TYPE: nucleic acid 

STRAND6DNESS : double 

TOPOLOGY: linear 

MOLECULE TYPE: Genomic DNA 

ORIGINAL SOURCE: 

ORGANISM: Anacystis nidulans 

STRAIN: R2-SPC 

SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



ATG 


ACC 


CTT 


GCT 


ATC 


CGA 


CCC 


AAG 


CTT 


GCC 


TTC 


AAC 


TGG 


CCG 


ACC 


GCC 


CTG 


TTC 


ATG 


GTC 


GCC 


ATT 


CAC 


ATT 


GGA 


GCA 


CTG 


TTA 


GCG 


TTC 


CTG 


CCG 


GCC 


AAC 


TTT 


AAC 


TGG 


CCC 


GCT 


GTG 


GGC 


GTG 


ATG 


GTT 


GCG 


CTG 


TAT 


TAC 


ATT 


ACC 


GGT 


TGT 


TTT 


GGC 


ATC 


ACC 


CTA 


GGC 


TGG 


CAC 


CGG 


CTA 


ATT 


TCG 


CAC 


CGT 


AGC 


TTT 


GAA 


GTT 


ccc 


AAA 


TGG 


CTG 


GAA 


TAC 


GTG 


CTG 


GTG 


TTC 


TGT 


GGC 


ACC 


TTG 


GCC 


ATG 


CAG 


CAC 


GGC 


CCG 


ATC 


GAA 


TGG 


ATC 


GGT 


CTG 


CAC 


CGC 


CAC 


CAT 


CAC 


CTC 


CAC 


TCT 


GAC 


CAA 


GAT 


GTC 


GAT 


CAC 


CAC 


GAC 


TCC 


AAC 


AAG 


GGT 


TTC 


CTC 


TGG 


AGT 


CAC 


TTC 


CTG 


TGG 


ATG 


ATC 


TAC 


GAA 


ATT 


CCG 


GCC 


CGT 


ACG 


GAA 


GTA 


GAC 


AAG 


TTC 


ACG 


CGC 


GAT 


ATC 


GCT 


GGC 


GAC 


CCT 


GTC 


TAT 


CGC 


TTC 


TTT 


AAC 


AAA 


TAT 


TTC 


TTC 


GGT 


GTC 


CAA 


GTC 


CTA 


CTG 


GGG 


GTA 


CTT 


TTG 


TAC 


GCC 


TGG 


GGC 


GAG 


GCT 


TGG 


GTT 


GGC 


AAT 


GGC 


TGG 


TCT 


TTC 


GTC 


GTT 


TGG 


GGG 


ATC 


TTC 


GCC 


CGC 


TTG 


GTG 


GTG 


GTC 


TAC 


CAC 


GTC 


ACT 


TGG 


CTG 


GTG 


AAC 


AGT 


GCT 


ACC 


CAC 


AAG 


TTT 


GGC 


TAC 


CGC 


TCC 


CAT 


GAG 


TCT 


GGC 


GAC 


CAG 


TCC 


ACC 


AAC 


TGC 


TGG 


TGG 


GTT 


GCC 


CTT 


CTG 


GCC 


TTT 


GGT 


GAA 


GGC 


TGG 


CAC 


AAC 


AAC 


CAC 


CAC 


GCC 


TAC 


CAG 


TAC 


TCG 


GCA 


CGT 


CAT 


GGC 


CTG 


CAG 


TGG 


TGG 


GAA 


TTT 


GAC 


TTG 


ACT 


TGG 


TTG 


ATC 


ATC 


TGC 


GGC 


CTG 


AAG 


AAG 


GTG 


GGT 


CTG 


GCT 


CGC 


AAG 


ATC 


AAA 


GTG 


GCG 


TCT 


CCA 


AAC 


AAC 


TAA 
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INFORMATION FOR SEQ ID NO: 4 
LENGTH: 278 amino acids 

5 

TYPE: amina acid 
TOPOtOGY; linear 
MOLECULE TYPE: peptide 

10 

ORIGINAL SOURCE: 
ORGANISM: Anacystis nidulans 
,5 STRAIN: R2-SPC 

SEQUENCE DESCRIPTION: SEQ ID NO: 4; 





neu 


inr 


Leu 


Ala 

AXa. 


T lf» 


Arg 




Leu 


Ala 


Phe 


Asn 


TrD 


Pro 


Thr 


Ala 


Leu 


Phe 


20 


Mot* 


VclX 






His 


He 


Gly Ala 


Leu 


Leu 


Ala 


Phe 


Leu 


Pro 


Ala 


Asn 


Phe 


Asn 




Trp 


Pro 


Ala 


Val 


Gly 


Val 


Met Val 


Ala 


Leu 


Tyr 


Tyr 


He 


Thr 


Gly 


Cys 


Phe 


Gly 




lie 


Thr 


Leu 


Gly 


Trp 


His 


Arg Leu 




Ser 


His 


Arg 


Ser 


Phe 


Glu 


Val 


Pro 


Lys 


26 


Trp 


Leu 


Glu 


Tyr 


Val 


Leu 


Val Phe 


Cys 


Gly 


Thr 


Leu 


Ala 


Met 


Gin 


His 


Gly 


Pro 




lie 


Glu 


Trp 


He 


Gly 


Leu 


His Arg 


His 


His 


His 


Leu 


His 


Ser 


Asp 


Gin 


Asp 


val 


30 


Asp 


His 


His 


Asp 


Ser 


Asn 


Lys Gly 


Phe 


Leu 


Trp 


Ser 


His 


Phe 


Leu 


Trp 


Met 


He 


Tyr 


Glu 


He 


Pro 


Ala 


Arg 


Thr Glu 


Val 


Asp 


Lys 


Phe 


Thr 


Arg 


Asp 


He 


Ala 


Gly 




Asp 


Pro 


Val 


Tyr 


Arg 


Phe 


Phe Asn 


Lys 


Tyr 


Phe 


Phe 


Gly 


Val 


Gin 


Val 


Leu 


Leu 


35 


Gly 


Val 


Leu 


Leu 


Tyr 


Ala 


Trp Gly 


Glu 


Ala 


Trp 


Val 


Gly 


Asn 


Gly 


Trp 


Ser 


Phe 




Val 


Val 


Trp 


Gly 


He 


Phe 


Ala Arg 


Leu 


Val 


Val 


Val 


Tyr 


His 


Val 


Thr 


Trp 


Leu 




Val 


Asn 


Ser 


Ala 


Thr 


His 


Lys Phe 


Gly 


Tyr 


Arg 


Ser 


His 


Glu 


Ser 


Gly 


Asp 


Gin 


40 


Ser 


Thr 


Asn 


Cys 


Trp 


Trp 


Val Ala 


Leu 


Leu 


Ala 


Phe 


Gly 


Glu 


Gly 


Trp 


His 


Asn 




Asn 


His 


His 


Ala 


Tyr 


Gin 


Tyr Ser 


Ala 


Arg 


His 


Gly 


Leu 


Gin 


Trp 


Trp 


Glu 


Phe 




Asp 


Leu 


Thr 


Trp 


Leu 


He 


He Cys 


Gly 


Leu 


Lys 


Lys 


Val 


Gly 


Leu 


Ala 


Arg 


Lys 


45 


He 


Lys 


Val 


Ala 


Ser 


Pro 


Asn Asn 























INFORMATION FOR SEQ ID NO: 5 

50 

LENGTH: 18 base pairs 
TYPE: nucleic acid 
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STRANDBDNESS : single 
TOPOtiOGY; linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATGACAATTG CTACTTCA 

INFORMATION FOR SEQ ID NO: 6 
LENGTH: 15 base pairs 
TYPEt nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GCTCTGGGGT TGTTG 

INFORMATION FOR SEQ ID NO: 7 
LENGTH: 15 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY; linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
CAACAACCCC AGAGC 

INFORMATION FOR SEQ ID NO: 8 
LENGTH: 18 base pairs 
TYPE; nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 
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MOLECULE TYlPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 8; 
RTGRTGRTTR TTRTGCCA 

INFORMATION FOR SEQ ID NO: 9 
LENGTH: 17 base pairs 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
ACGTCATGGC CTGCAGT 

INFORMATION FOR SEQ ID NO: 10 
LENGTH: 26 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CGCGGATCCT TAGTTGTTTG GAGACG 

INFORMATION FOR SEQ ID NO: 11 
LENGTH: 25 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



17 



EP0736 598 A1 



CATATGACCC TTGCTATCCG ACCCA 

INFORMATION FOR SEQ ID NO: 12 
LENGTH: 29 base pairs 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOIiOGY: linear 

MOLECULE TYPE: Other nucleic acid, synthetic DNA 
SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
AGCTTGGGTC GGATAGCAAG GGTCATATG 



Claims 

1 . A Gene encoding a protein having an activity of desaturating lipid-bound fatty acids at the A 9 position. 

2. The gene of dam 1 or a polynucleotide containing part thereof, wherein the protein having an activity of desaturat- 
ing lipid-bound fatty acids at the A 9 position contains the amino acid sequence substantially shewn in SEQ ID NO: 

4. 

3. The gene of claim 1 or a polynucleotide containing part of thereof, wherein the gene encoding a protein having an 
activity of desaturating lipid-bound fatty acids at the A 9 position is a DNA chain containing the base sequence of 
SEQ ID NO: 3. 

4. A vector which contains the gene or a polynucleotide containing part of thereof according to any one of claims 1 -3. 

5- A plant cell transformed with the gene or a polynucleotide containing part of thereof according to any one of claims 
1-3. 

6. A method for creating a plant by regenerating the plant cell of claim 5 to reproduce a mature plant. 

7. A plant transformed with the gene or a polynucleotide containing part of thereof according to any one of claims 1 -3. 
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FIG. 1 
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:x 
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FIG. 2 
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FIG. 3 
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FIG. 4 



dis3nid 
MSC02 
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FIG. 5 



DESATURASE GENE CONTROL 
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